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Downstream Fish Passage TechnologiesDownstream Fish Passage Technologies

Physical BarriersPhysical Barriers

NarrowNarrow--spaced bar racksspaced bar racks
Aquatic filter barriersAquatic filter barriers
Barrier netsBarrier nets
Flat panel screensFlat panel screens
Traveling screensTraveling screens
Drum screensDrum screens
Cylindrical screensCylindrical screens

Drum ScreensDrum Screens
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Diversion/Guidance SystemsDiversion/Guidance Systems

Screening systemsScreening systems
Angled bar racksAngled bar racks
LouversLouvers
Guide wallsGuide walls

Flat Panel VFlat Panel V--ScreenScreen
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Collection SystemsCollection Systems

Surface collectors/galleriesSurface collectors/galleries
Modified traveling screens Modified traveling screens 
Fish pumpsFish pumps
Bypass systemsBypass systems
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Behavioral DeterrentsBehavioral Deterrents

Sound (infrasonic, sonic,Sound (infrasonic, sonic,
ultrasonic)ultrasonic)
Light (mercury, strobe)Light (mercury, strobe)
Air bubble curtainsAir bubble curtains
Electrical barriersElectrical barriers
Combined systemsCombined systems

Strobe Light and Sound
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“Fish“Fish--friendly” Hydro Turbine Designsfriendly” Hydro Turbine Designs

Alden/Concepts NRECAlden/Concepts NREC
Minimum Gap RunnerMinimum Gap Runner
AlstomAlstom DesignsDesigns

Alden/Concepts NREC Turbine



Assessing the Need for Downstream Assessing the Need for Downstream 
Fish PassageFish Passage

Fisheries management objectivesFisheries management objectives
River basin vs. smaller reachesRiver basin vs. smaller reaches
Prevent or facilitate downstream movement Prevent or facilitate downstream movement 

Migration delays and barriersMigration delays and barriers
Effects on juvenile and adult migrations (feeding, overEffects on juvenile and adult migrations (feeding, over--
wintering, spawning)wintering, spawning)

Turbine passage mortalityTurbine passage mortality
Impact depends on mortality rateImpact depends on mortality rate
Fish size and turbine design/operationFish size and turbine design/operation

Level of impactLevel of impact
Significant?  Can resources be put to better use in Significant?  Can resources be put to better use in 
addressing other restoration/enhancement issues?addressing other restoration/enhancement issues?



Assessing Technologies for Use with Assessing Technologies for Use with 
SturgeonSturgeon

Biological ConsiderationsBiological Considerations
Identify target life stages and size classesIdentify target life stages and size classes
Migration characteristics (temporal and spatial)Migration characteristics (temporal and spatial)
Sensory perception (light, sound, flow fields)Sensory perception (light, sound, flow fields)
Behavioral responses to hydraulic conditionsBehavioral responses to hydraulic conditions
Swimming capabilities (burst, prolonged, and Swimming capabilities (burst, prolonged, and 
sustained)sustained)
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ResearchResearch

Past ResearchPast Research
Sensory PerceptionSensory Perception
Swimming capabilitiesSwimming capabilities
Migration PatternsMigration Patterns
Guidance Structures (angled bar racks, louvers)Guidance Structures (angled bar racks, louvers)
“Fish“Fish--friendly” Hydro Turbine Designsfriendly” Hydro Turbine Designs
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Sensory PerceptionSensory Perception

HearingHearing
NonNon--hearing specialist (no connection between air bladder and hearing specialist (no connection between air bladder and 
inner ear)inner ear)
Vocalizations documented during spawning (shovelnose and Vocalizations documented during spawning (shovelnose and 
pallid sturgeon)pallid sturgeon)

VisionVision
Positive and negative Positive and negative phototaxisphototaxis depending on life stagedepending on life stage
White sturgeon larvae have demonstrated negative White sturgeon larvae have demonstrated negative phototaxisphototaxis
Seek cover in day, continuous swimming at nightSeek cover in day, continuous swimming at night
High intensity light can inhibit swimming activityHigh intensity light can inhibit swimming activity

Lateral Line and Lateral Line and ElectrosensoryElectrosensory PerceptionPerception
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Behavioral Deterrent StudiesBehavioral Deterrent Studies

LowLow--frequency sound (Patrick 1988)frequency sound (Patrick 1988)
Small juvenilesSmall juveniles
Pulsed hammer (20 Pulsed hammer (20 –– 1,000 Hz)1,000 Hz)
No avoidance observed; fish condition and No avoidance observed; fish condition and 
experimental design may have affected resultsexperimental design may have affected results

Air bubbles and water jets (McKinley and Air bubbles and water jets (McKinley and KowalykKowalyk
1989)1989)

No avoidance responses observedNo avoidance responses observed
No studies with lightsNo studies with lights
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Swimming CapabilitiesSwimming Capabilities

Lake sturgeon are weak swimmers, particularly Lake sturgeon are weak swimmers, particularly 
when compared to salmonids (when compared to salmonids (PeakePeake et al. et al. 
1997) 1997) 
HeterocercalHeterocercal tail reduces thrust; tail reduces thrust; scutesscutes increase increase 
drag (Webb 1986)drag (Webb 1986)
Similarity in swimming capabilities exists among Similarity in swimming capabilities exists among 
sturgeon speciessturgeon species
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Swimming CapabilitiesSwimming Capabilities

Maximum sustained speeds (greater than 200 min):Maximum sustained speeds (greater than 200 min):
4 cm/s for 15 cm fish4 cm/s for 15 cm fish
84 cm/s for 120 cm fish84 cm/s for 120 cm fish

Prolonged speeds (20 sec to 200 min):Prolonged speeds (20 sec to 200 min):
39 cm/s (2.5 body lengths/s) for 16 cm fish for 239 cm/s (2.5 body lengths/s) for 16 cm fish for 2--minute periodminute period
90 cm/s for 120 cm fish for 12890 cm/s for 120 cm fish for 128--minute period at 14° C.minute period at 14° C.
90 cm/s for 45 cm fish for 990 cm/s for 45 cm fish for 9--second period.second period.

Burst speeds (<20 sec):Burst speeds (<20 sec):
No discrete change in endurance between prolonged and burst No discrete change in endurance between prolonged and burst 
swimmingswimming
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Swimming CapabilitiesSwimming Capabilities

Lake sturgeon critical Lake sturgeon critical 
swimming speed swimming speed 
based on increasing based on increasing 
velocity after 10 velocity after 10 
minute intervals minute intervals 
((PeakePeake et al. 1995)et al. 1995)
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Lake Sturgeon Lake Sturgeon Migration PatternsMigration Patterns

MattagamiMattagami River, Ontario (McKinley et al. 1998)River, Ontario (McKinley et al. 1998)
PostPost--spawning adult downstream movements during spawning adult downstream movements during 
spring and summerspring and summer

Sturgeon River/Portage Lake, MI (Sturgeon River/Portage Lake, MI (HoltgrenHoltgren and and 
Auer 2004)Auer 2004)

Juvenile downstream movement during summer/fallJuvenile downstream movement during summer/fall
Inshore shallow areas (< 5 m) at night, offshore Inshore shallow areas (< 5 m) at night, offshore 
deeper water (>7.5 m) during daydeeper water (>7.5 m) during day
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Guidance StructuresGuidance Structures

Angled bar racks, louvers, and otherAngled bar racks, louvers, and other
Physical StructuresPhysical Structures

Alden studies (EPRI 2001; Alden 2001; Amaral Alden studies (EPRI 2001; Alden 2001; Amaral 
et al. 2002)et al. 2002)
Conte Center study (Kynard and Conte Center study (Kynard and HorganHorgan 2001)2001)
Physical/perceptual barriers (Anderson et al. Physical/perceptual barriers (Anderson et al. 
1997)1997)
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Guidance StructuresGuidance Structures

111.5, 3.51.5, 3.52020LVLV
111.51.54545BRBR275275SNSSNS
111.5, 3.51.5, 3.52020LVLV
111.51.54545BRBR216216PASPASConte CenterConte Center

1, 2, 31, 2, 3221515LVLVMIT, MI/WI DNR)MIT, MI/WI DNR)
1, 2, 31, 2, 3221515BRBR345345LASLASAlden (FWS, WE,Alden (FWS, WE,
1, 2, 31, 2, 3221515LVLV
1, 2, 31, 2, 3221515BRBR319319SNSSNS
1, 2, 31, 2, 3224545
1, 2, 31, 2, 3221515LVLV

22229090
1, 2, 31, 2, 31, 21, 24545
1, 2, 31, 2, 3221515BRBR142142LASLASAlden (EPRI)Alden (EPRI)

ApproachApproach
VelVel (ft/s)(ft/s)

Slat SpacingSlat Spacing
(inches)(inches)AngleAngleDeviceDevice

LengthLength
(mm)(mm)SpeciesSpeciesStudyStudy
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Guidance StructuresGuidance Structures

Approach FlowAPPROACH FLOW
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Guidance StructuresGuidance Structures

Alden Studies Alden Studies –– Test FacilityTest Facility
(EPRI 2001)(EPRI 2001)

Flow

Fish Release Box

Fixed Screen

45  Bar Rack/Louver Array
2.0 m long by 1.8 m deep

o

Bypass Entrance
15 cm wide

Bypass Inclined
Screen

Bypass Collection Box

Bar Rack/Louver
Collection Pen

Collection Net
1.6 m

5.5 m
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Guidance StructuresGuidance Structures

Alden Studies Alden Studies –– Test FacilityTest Facility
(EPRI 2001; Alden 2001)(EPRI 2001; Alden 2001)

0.6 m

1.0 m

Air injection system for fish
release at bottom of flume

Collection Net

Fixed Screen

15  Bar Rack/Louver Array
4.8 m long by 1.8 m deep

o

Bypass Entrance
15 cm wide

Bypass Inclined
Screen

Bypass Collection Box

Bar Rack/Louver
Collection Pen

Flow

6.6 m

Guide Wall
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Guidance StructuresGuidance Structures

Alden Studies Alden Studies –– Test FacilityTest Facility
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Guidance StructuresGuidance Structures

Alden Studies Alden Studies –– Test FacilityTest Facility
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Guidance StructuresGuidance Structures

Guidance EfficiencyGuidance Efficiency
2 ft/s approach velocity2 ft/s approach velocity
2 inch slat spacing2 inch slat spacing (132/153 mm)

EPRI (2001)
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Guidance StructuresGuidance Structures

Guidance EfficiencyGuidance Efficiency

15o Bar Rack

15o LouverEPRI (2001)
Amaral et al. (2001)



Downstream Fish Passage Research for SturgeonDownstream Fish Passage Research for Sturgeon

Guidance StructuresGuidance Structures

20o Louver

45o Bar Rack

Conte Center StudyConte Center Study
Bar rack spacing: 1.5 inchBar rack spacing: 1.5 inch
Louver spacing: 1.5 and 3.5 inchLouver spacing: 1.5 and 3.5 inch
1 ft/s approach velocity1 ft/s approach velocity
Full depth bypass (1.5 ft wide x Full depth bypass (1.5 ft wide x 
1.2 ft deep)1.2 ft deep)
Day/night testing with bar rackDay/night testing with bar rack
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Guidance StructuresGuidance Structures

Guidance EfficiencyGuidance Efficiency

Test Condition
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Guidance StructuresGuidance Structures

Bar Racks and Louvers Bar Racks and Louvers -- Laboratory Study Laboratory Study 
ConclusionsConclusions
Size matters (i.e., swimming capabilities); sturgeon < 200 Size matters (i.e., swimming capabilities); sturgeon < 200 
mm exhibited poor guidancemm exhibited poor guidance
Ambient light conditions matterAmbient light conditions matter
Structure angle and approach velocity matterStructure angle and approach velocity matter
FGE is similar among sturgeon species tested (size range: FGE is similar among sturgeon species tested (size range: 
200200--350 mm)350 mm)
Bottom overlay improved FGEBottom overlay improved FGE
Field studies are needed to verify lab resultsField studies are needed to verify lab results
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“Fish“Fish--friendly” Hydro Turbinesfriendly” Hydro Turbines

Alden/Concepts NREC TurbineAlden/Concepts NREC Turbine
Juvenile white sturgeon (mean TL = 103 mm)Juvenile white sturgeon (mean TL = 103 mm)
40 ft operating head40 ft operating head
Best efficiency pointBest efficiency point
Wicket gates installedWicket gates installed
9 paired releases9 paired releases
100 fish per treatment and control group100 fish per treatment and control group
Estimated turbine passage survival (immediate and Estimated turbine passage survival (immediate and 
96 hr) and external injury rates96 hr) and external injury rates
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“Fish“Fish--friendly” Hydro Turbinesfriendly” Hydro Turbines

Alden/Concepts NREC TurbineAlden/Concepts NREC Turbine
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“Fish“Fish--friendly” Hydro Turbinesfriendly” Hydro Turbines

Alden/Concepts NREC TurbineAlden/Concepts NREC Turbine
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“Fish“Fish--friendly” Hydro Turbinesfriendly” Hydro Turbines

Alden/Concepts NREC TurbineAlden/Concepts NREC Turbine
Turbine Passage Survival RatesTurbine Passage Survival Rates

103.0103.0

102.0102.0

75.575.5

Mean Mean 
Length Length 
(mm)(mm)

Coho SalmonCoho Salmon 93.3 93.3 ±± 1.8 1.8 95.4 95.4 ±± 1.4 1.4 

97.0 97.0 ±± 1.3 1.3 98.3 98.3 ±± 0.9 0.9 White SturgeonWhite Sturgeon

93.7 93.7 ±± 1.7 1.7 95.5 95.5 ±± 1.41.4AlewifeAlewife

TotalTotal
Survival (%)Survival (%)

±± 95% CI95% CI

ImmediateImmediate
Survival (%)Survival (%)

±± 95% CI95% CISpeciesSpecies
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“Fish“Fish--friendly” Hydro Turbinesfriendly” Hydro Turbines
Alden/Concepts NREC TurbineAlden/Concepts NREC Turbine

Turbine Passage Injury RatesTurbine Passage Injury Rates

Injury Type
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“Fish“Fish--friendly” Hydro Turbinesfriendly” Hydro Turbines

Turbine Passage Survival RatesTurbine Passage Survival Rates

Fish Length (mm)
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ResearchResearch

Present ResearchPresent Research
Bar racks, louvers, and bypassesBar racks, louvers, and bypasses

Holyoke Project (shortnose sturgeon)Holyoke Project (shortnose sturgeon)

Columbia River Basin Columbia River Basin –– white sturgeon?white sturgeon?
Other studies?Other studies?
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ResearchResearch

Hadley Falls Project Hadley Falls Project –– Bar Racks, Louvers, and BypassesBar Racks, Louvers, and Bypasses

Laboratory studiesLaboratory studies
Numerical modeling Numerical modeling 
Field evaluation of canal louver systemField evaluation of canal louver system
Future field studies evaluating approach paths and Future field studies evaluating approach paths and 
behavior in vicinity of canal and powerhouse intakesbehavior in vicinity of canal and powerhouse intakes
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ResearchResearch

Future ResearchFuture Research
Sensory perception: basic research on hearing/vision Sensory perception: basic research on hearing/vision 
capabilitiescapabilities
Behavioral responses to hydraulic conditions at hydro Behavioral responses to hydraulic conditions at hydro 
projectsprojects
Swimming capabilities and behavior in the presence of Swimming capabilities and behavior in the presence of 
downstream passage technologiesdownstream passage technologies
Migration timing (seasonal/diel) and routes by life stageMigration timing (seasonal/diel) and routes by life stage
Downstream fish passage technologiesDownstream fish passage technologies

Behavioral deterrentsBehavioral deterrents
Diversion systems and physical barriers (e.g., barrier nets)Diversion systems and physical barriers (e.g., barrier nets)
BypassesBypasses
“Fish“Fish--friendly” turbine designsfriendly” turbine designs
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ResearchResearch

Future ResearchFuture Research
Laboratory StudiesLaboratory Studies

Sensory perception and responses to Sensory perception and responses to 
behavioral stimulibehavioral stimuli
Swimming capabilities and behavior in the Swimming capabilities and behavior in the 
presence of downstream passage presence of downstream passage 
technologiestechnologies
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ResearchResearch

Future ResearchFuture Research
Field StudiesField Studies

Migration timing and routes by life stageMigration timing and routes by life stage
PilotPilot--scale studies evaluating performance of scale studies evaluating performance of 
downstream fish passage technologiesdownstream fish passage technologies

Numerical ModelingNumerical Modeling
Characterize flow fields experienced by fishCharacterize flow fields experienced by fish



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


